Objective: To examine the association between added sugar intake and metabolic syndrome among adolescents. Design: Dietary, serum biomarker, anthropometric and physical activity data from the US National Health and Nutrition Examination Survey cycles between 2005 and 2012 were analysed using multivariate logistic regression models. Added sugar intake in grams per day was estimated from two 24 h standardized dietary recalls and then separated into quintiles from lowest to highest consumption. Multivariate logistic regression analyses were adjusted for physical activity, age, BMI Z-score and energy intake, and their interactions with race were included. Setting: Nationally representative sample, USA. Subjects: US adolescents aged 12-19 years (n 1623). Results: Added sugar was significantly associated with metabolic syndrome. The adjusted prevalence odds ratios for having metabolic syndrome comparing adolescents in the third, fourth and fifth quintiles v. those in the lowest quintile of added sugar were 5·3 (95 % CI 1·4, 20·6), 9·9 (95 % CI 1·9, 50·9) and 8·7 (95 % CI 1·4, 54·9), respectively. Conclusions: Our findings suggest that higher added sugar intake, independent of total energy intake, physical activity or BMI Z-score, is associated with increased prevalence of metabolic syndrome in US adolescents. Further studies are needed to determine if reducing intake of added sugar may help US adolescents prevent or reverse metabolic syndrome.
Non-communicable chronic diseases, including type 2 diabetes, CVD, hypertension, dyslipidaemia and nonalcoholic fatty liver disease (NAFLD), are responsible for more deaths globally than infectious diseases (1) , presenting a tremendous and growing public health problem. Metabolic syndrome (MetS) is the clustering of these anomalies in individual patients (2) . NAFLD represents a spectrum of liver disease -from fatty accumulation in the liver, to inflammation and progressive fibrosis (3) -and it is strongly associated with MetS in adolescents aged 12-19 years (4) . Paediatric MetS predicts adulthood MetS and type 2 diabetes (5) , consequently providing a suitable window of opportunity for preventive action against the advancement of this growing public health problem.
Various aspects of MetS, such as type 2 diabetes and NAFLD, have increased in tandem with obesity, which has increased considerably over the past four decades.
Among US adolescents the prevalence of obesity increased from 4·5 % in the 1960s to 20·3 % in 2012 (6) . In addition, obesity has disproportionally affected certain minority groups; for instance, current obesity rates for African-American girls are 24·8 % and 28·9 % for MexicanAmerican boys (6) . While lifestyle interventions to induce weight loss are the current standard of care for reversing MetS (3) , among adolescents they result in only modest weight reductions and most adolescents will continue to manifest the diseases of MetS into adulthood (7) . Similarly, it is unclear if weight reduction strategies during adolescence prevent co-morbidities in adulthood (8) . Lack of empirical evidence for MetS reduction via weight management alone argues the need to explore alternative interventions to prevent and treat MetS.
Added sugars (unlike naturally occurring sugars found in milk, fruits and vegetables) are sugars and syrups added to foods and beverages during processing or preparation (9) . Recently, total added sugar consumption in the USA has decreased, primarily due to a reduction in soda consumption; however, adolescents continue to have the greatest added sugar consumption among all age groups (10) . Recent studies suggest that excessive added sugar consumption contributes to the development of diabetes, dyslipidaemia and cardiovascular mortality, independent of energy intake or effects on adiposity (11) (12) (13) (14) (15) (16) . However, none have looked at the impact of added sugar on the constellation of symptoms of MetS among adolescents. The objective of the present study was to examine the direct association of added sugar intake with MetS in a large, nationally representative, cross-sectional sample of US adolescents aged 12-19 years participating in the National Health and Nutrition Examination Surveys (NHANES) of [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . While added sugar likely has indirect effects on MetS through increased energy intake or obesity, we were specifically interested in investigating the independent association. In addition, given that obesity, and likely MetS, disproportionately affects adolescents of different racial/ethnic backgrounds, we report here the racial differences in risk of MetS among Mexican-Americans, non-Hispanic whites and non-Hispanic blacks.
Methods

Study protocols and population
The study protocols for the NHANES were approved by the National Center for Health Statistics Ethics Review Board (17) . Parents or caregivers of children gave their informed consent to participate and provide information about their children. Only unidentified public-domain data were used in the secondary data analysis conducted for the present study.
NHANES is a programme of studies designed to assess the health and nutrition status of children and adults. Each two-year cycle between 2005 and 2012 includes a nationally representative sample of adolescents, selected with a multistage complex design (18) . For the present analysis, only data from adolescents 12-19 years of age (n 4733) were analysed. Participants were classified as Mexican-American, other Latino, non-Hispanic white, non-Hispanic black, and other. Due to the absence of a standard waist circumference (WC) cut-off definition for MetS among US adolescents under 16 years old who are not European-American, AfricanAmerican or Mexican-American, adolescents who selfidentified as 'other Latinos' or 'other' were excluded from analyses (n 624) (19, 20) . Pregnant adolescents were also excluded from analyses, as well as those who reported the use of steroids, growth hormone, sex hormones, blood glucose regulators, insulin or other antidiabetic agents (n 45). A subset of 3453 adolescents reported dietary information (from two 24 h dietary recalls). We further excluded adolescents who were not randomly selected by the NHANES sampling design to provide serum samples or who had missing values of fasting biomarkers or covariates (n 1711), those with very high (>20 920 kJ/d (>5000 kcal/d)) or low (<2092 kJ/d (<500 kcal/d)) daily energy intake (n 60), as well as those considered to have a BMI <5th percentile for age/sex (n 59). Sensitivity analyses were conducted to assess whether exclusions of low BMI or very high or low daily energy intakes influenced our results. These exclusions left a sample size between 1179 and 1623 for the associations between added sugar and each MetS biomarker.
Exposure
Dietary intake data were collected using two 24 h dietary recalls, following the US Department of Agriculture's (USDA) Automated Multiple Pass Method, and administered directly to the adolescent (18) . The first recall interview was conducted in person in the mobile examination centre and the second was conducted by telephone 3 to 10 d later (21) . A recall was deemed reliable if all relevant variables associated with the 24 h dietary recall contained a value (21) . The arithmetic mean of added sugar intake in grams per day was obtained by merging individual dietary recalls from NHANES with the USDA Food Patterns Equivalents Database (FPED) (22) . Our main exposure of interest was the resultant mean daily added sugar intake.
Outcomes
Blood was collected from participants; details of the laboratory assessment are available and described elsewhere (18) . Biochemical markers of MetS included fasting TAG, blood glucose and insulin, from which the homeostasis model assessment of insulin resistance (HOMA-IR) was calculated ([fasting blood glucose (mmol/l) × fasting insulin (mU/l)]/22·5) (23) . Non-fasting biomarkers included HDL cholesterol (HDL-C), uric acid (a marker of increased cardiovascular risk) (24) and alanine aminotransferase (ALT), a surrogate for NAFLD. Also included in our analyses was TAG:HDL-C, an index of insulin resistance (25) (26) (27) . Other indicators of MetS included WC and systolic and diastolic blood pressures. We used the International Diabetes Federation definitions for MetS for children (12-16 years old) and adults (≥16 years old) (19, 20) .
Covariates
Anthropometry BMI was evaluated through measurements of weight and height, and subsequently transformed to standard age-and sex-specific Z-scores using the growth references of the Centers for Disease Control and Prevention of 2000 (28) . BMI Z-score for age and sex was classified as underweight when less than −1·64, overweight when greater than +1·04 (85th percentile) and less than +1·64 (95th percentile), and obese when greater than or equal to +1·64 (95th percentile). Data were included and considered valid for Z-scores between −1·64 and +3·50 from the mean of the reference population (28) .
Physical activity
The Physical Activity Questionnaire (PAQ) included questions related to daily activities; all participants answered their own questions. Respondents between 12 and 15 years old answered these questions during their physical examination at the mobile examination centre; respondents older than 16 years old answered these questions from home before the examination, using a computer-assisted personal interviewing system (21) . Starting in 2007, the NHANES physical activity questionnaire was changed to better quantify vigorous physical activity. The questions asked: 'Does your work involve, (or) do you do any moderate-intensity or vigorous-intensity activities that cause small or large increases in breathing or heart rate for at least 10 minutes continuously?' (21) For consistency across all study cycles, and similar to a recent study (13) , we defined 'non-sedentary adolescents' as those who engaged in moderate or vigorous work or physical activity for at least 10 min once weekly.
Total energy intake Estimated total energy intake in kilocalories per day was obtained from the mean of two individual 24 h dietary recalls following the USDA Automated Multiple Pass Method, administered directly to the adolescent (18) .
Statistical analyses
All analyses were performed using the STATA statistical software package version 13·1 (2013). The 'svy' module was used to conduct multivariate logistic regression analysis adjusting estimates for the complex survey design, taking into account the expansion factor, strata and primary sampling unit parameters to ensure that the results were representative of the adolescent US population. Total energy and added sugar intake variables were divided into quintiles and analysed as ordinal categorical predictors. For risk of MetS and each individual MetS biomarker, as well as ALT and uric acid, we used multivariate logistic regression analyses to estimate adjusted prevalence odds ratios (POR) comparing each quintile of added sugar intake with the reference (first quintile). Multivariate linear regression models were also used to test for linear trends between ALT and uric acid levels and quintiles of added sugar. Because we were interested in examining the direct association between added sugar and each biomarker of interest, each linear and logistic regression model was adjusted for physical activity, age, BMI Z-score and energy intake. Interaction effects of potential moderators (race and sex) of the association between added sugar and MetS were examined and found significant (P < 0·05) for race (Mexican-Americans compared with non-Hispanic whites). Analyses were therefore stratified by race (Non-Hispanic whites and Mexican-Americans; for completeness non-Hispanic blacks were also reported).
Results
Sample characteristics
The estimated population prevalence of MetS among US adolescents between 2005 and 2012 was 5·4 % overall; 5·4 % in non-Hispanic whites, 3·3 % in non-Hispanic blacks and 16·4 % in Mexican-Americans, with the latter being significantly higher than the first two ( Table 1 ). The mean age of our adolescent sample was 15·9 years, with 53·7 % being male and 46·3 % female ( Table 1 ). The mean added sugar intake for the adolescent sample was 94·0 g/d, constituting roughly 17·9 % of mean energy intake. The estimated prevalence of MetS in the lowest added sugar quintile was 4·2 %, compared with 3·6 % in the second quintile, 4·2 % in the third quintile, 6·7 % in the fourth quintile and 8·4 % in the fifth quintile (Table 2) .
Added sugar intake and metabolic syndrome
The adjusted POR of having MetS comparing adolescents in the second, third, fourth and fifth quintiles v. those in the lowest quintile of added sugar were 2·4 (95 % CI 0·6, 9·9), 5·3 (95 % CI 1·4, 20·6), 9·9 (95 % CI 1·9, 50·9) and 8·7 (95 % CI 1·4, 54·9), respectively (Table 3) . Results from our sensitivity analyses in which adolescents with low BMI (<5th percentile) or very high (>20 920 kJ/d (>5000 kcal/ d)) or low (<2092 kJ/d (<500 kcal/d)) daily energy intakes were included showed no effect on the adjusted POR for risk of MetS comparing adolescents in the second, third, fourth and fifth quintiles v. those in the lowest quintile of added sugar. POR results were 2·6 (95 % CI 0·6, 11·3), 5·3 (95 % CI 1·4, 20·4), 9·9 (95 % CI 1·9, 50·7) and 8·7 (95 % CI 1·4, 54·1), respectively. The adjusted POR for risk of elevated ALT (surrogate for NAFLD) were not significantly different across different added sugar quintiles. However, the adjusted POR for having elevated ALT was 3·0 (95 % CI 2·3, 3·9) for every 1-point increase in BMI Z-score (data not shown). Logistic regression models did not find an association between added sugar intake and elevated uric acid levels using previously used multiple cut-off values (5·5, 6·0 and 7·5 mg/dl) (29) . However, using a multivariate linear regression model, we found that for every unit increase in added sugar quintile, uric acid levels increased by 0·06 mg/dl (P = 0·033; Table 4 ).
When evaluating individual MetS components, we found that the adjusted POR for having elevated levels of TAG and insulin, and depressed levels of HDL-C, comparing adolescents in the third, fourth and fifth quintiles v. those in the lowest quintile of added sugar, increased significantly ( Table 3 ). The adjusted POR for having elevated HOMA-IR was higher among adolescents in the second quintile (POR = 1·7; 95 % CI 1·0, 2·9), but not statistically higher among the highest three quintiles. In addition, the adjusted POR for WC increased in the third and fourth quintiles (POR = 2·0; 95 % CI 1·0, 4·1 and POR = 2·7; 95 % CI 1·1, 6·9, respectively). A strong positive association remained between BMI Z-score and the odds of MetS among all race/ethnic groups; the adjusted POR for the risk of MetS for every one unit increase in BMI Z-score was 48·1 (95 % CI 19·6, 117·9; data not shown).
Added sugar intake and metabolic syndrome by race/ethnicity After stratifying by race, we were unable to examine the association between added sugar intake and risk for MetS due to small sample sizes. When evaluating individual MetS components among Mexican-American adolescents (Table 5) , added sugar was associated with higher adjusted POR for elevated TAG in the fourth quintile (POR = 2·9; 95 % CI, 1·0, 8·2) and HOMA-IR in the second quintile (POR = 2·9; 95 % CI, 1·0, 8·8). We also performed a linear regression analysis, adjusted for total energy intake, BMI Z-score and physical activity, to test for trend between added sugar and ALT, and uric acid levels. We found no association between ALT and added sugar (Table 6 ). However, we observed an association between uric acid and added sugar, and after stratifying for race/ethnicity the associated persisted among Mexican-American adolescents (Table 4) .
Lastly, among non-Hispanic white and black adolescents (Tables 7 and 8) , added sugar was associated with increased odds of elevated TAG and insulin, although less consistently across quintiles. Added sugar was also associated with increased odds of elevated TAG:HDL-C among nonHispanic whites. Among Mexican-Americans, the association was only marginally significant (P = 0·06-0·1 for third through fifth quintiles), and it was not present among non-Hispanic blacks.
Discussion
Many studies have examined the effects of added sugars on cardiometabolic health, but none have examined the risk for MetS among adolescents. Using nationally representative cross-sectional data on US adolescents (aged 12-19 years) participating in NHANES 2005-2012, our findings indicate that increased added sugar intake is an independent risk factor for MetS, but not for NAFLD. Similar to our findings, Zhang et al. (13) found added sugar intake to be positively associated with risk of dyslipidaemia, a component of MetS, across different race/ethnicities and sex among adolescents participating in NHANES 2005-2010. Furthermore, our findings agree with prior studies that suggest that BMI reduction should be a primary intervention for the prevention of MetS (3) (4) (5) 19) . However, our findings also suggest that added sugar intake is associated with MetS, independent of total energy intake or BMI Z-score (2, 20) . Recently, a study by Lustig et al. showed a marked improvement in cardiometabolic biomarkers among obese children with MetS after only 9 d of isoenergetic substitution of glucose for fructose, suggesting that the effect of added sugar on biomarkers was unrelated to its energy equivalence (16) . Individual MetS components that were associated with added sugar intake in the present adolescents include TAG, HDL-C, insulin and WC, although the last two were significant only for the third and fourth added sugar quintiles. Paradoxically, when stratified by race, HDL-C remained strongly and positively associated with added sugar consumption among non-Hispanic whites, but the statistical significance among non-Hispanic blacks or Mexican-Americans diminished. This difference appears to be due to loss in power from smaller subpopulations. Moreover, HOMA-IR was significantly higher only in the *Statistically significant compared with Q1 (P < 0·05). †Statistically significant compared with Q2 (Wald test, P < 0·05). ‡Statistically significant compared with Q3 (Wald test, P < 0·05). §Statistically significant compared with Q4 (Wald test, P < 0·05). *Statistically significant (P < 0·05) adjusted for physical activity, age, BMI Z-score and energy intake. †Statistically significant compared with Q2 (Wald test, P < 0·05) adjusted for physical activity, age, BMI Z-score and energy intake. ‡Statistically significant compared with Q3 (Wald test, P < 0·05) adjusted for physical activity, age, BMI Z-score and energy intake.
second quintile; while we anticipate a similar association among the highest three quintiles, the lack of significance may be a consequence of insufficient power to detect a difference due to small sample size. In the same way, our stratified results show that added sugar was associated with higher adjusted POR for HOMA-IR only in the second quintile among non-Hispanic black and MexicanAmerican adolescents, compared with their respective references. In the present study, HOMA-IR was calculated by fasting measures of blood glucose and insulin, thus our study design cannot capture the postprandial acute effects of added sugar intake on insulin resistance, as have been previously demonstrated (16) . A detailed analysis exploring postprandial effects is beyond the scope of the current study; however, differences in insulin resistance according to sugar consumption in racial subgroups are important and warrant further investigation. Lastly TAG:HDL-C also appeared to be associated with added sugar intake among non-Hispanic whites, but not among Mexican-Americans or non-Hispanic blacks. The differential association by race demonstrated in the present study has been seen in other studies examining TAG:HDL-C as an indicator of insulin resistance (27, (30) (31) (32) . In contrast, added sugar intake did not appear to be associated with elevated levels of ALT (surrogate for NAFLD) for the aggregate adolescent population. We used a cut-off value of 25 U/l, representing the 95th percentile of ALT for non-overweight adolescents of US NHANES (33) . We also used 40 U/l as the cut-off value for ALT and similar results were observed. Prior studies have shown that genetics and sex seem to play a role in the risk for NAFLD, particularly among Mexican-origin male adolescents in the USA (34, 35) . In our data, however, we found no association between added sugar intake and ALT levels. In addition, prior studies have shown positive associations between elevated uric acid levels and MetS, as well as with consumption of sugar-sweetened beverages (20, 29, 36) . As expected, in our multivariate linear regression model we found a positive association between added sugar quintiles and uric acid levels, suggesting a dose-response relationship.
Our data also support the apparent dose-response effect of increased added sugar intake and the increased adjusted POR for MetS among adolescents in the highest quintiles of added sugar consumption (third, fourth and fifth quintiles). The fructose component of added sugar intake appears to be a direct cause of liver mitochondrial dysfunction and insulin resistance, which are hypothesized causes of MetS (37) . Fructose makes up at least 50 %, and possibly more (38) , of added sugar intake. Physiologically, fructose undergoes first-pass metabolism in the liver. The entry of fructose into hepatocytes via the Glut5 transporter and its subsequent metabolism are insulin independent. Importantly, fructose bypasses two enzymes, glucokinase and phosphofructokinase, that normally route excess energy substrate away from the liver mitochondria. As a result, fructose is metabolized directly to fructose-1-phosphate, and subsequently to acetyl-CoA, which in the cytosol is then carboxylated to malonyl-CoA, which initiates the process of fatty acid synthesis (3, 39, 40) . Thus, in the glycogen-replete state, fructose increases the rate of de novo lipogenesis, generating intrahepatic lipid, inflammation and insulin resistance (41) , consistent with some of our findings. At the same time, our data are consistent with the fact that there seems to be an inherent capacity of the human body to metabolize added sugar in low doses without a consequent effect on MetS biomarkers. For instance, among adolescents in the second quintile of added sugar consumption with a mean intake of 58 g/d, there were no differences compared with those in the lowest quintile of added sugar consumption.
Food disappearance data, which tend to overestimate food and nutrient intakes, have shown associations between added sugar consumption and poor cardiometabolic outcomes. A global econometric analysis using repeated cross-sectional data on diabetes and nutritional components of food found that each increment in added *Statistically significant (P < 0·05) adjusted for physical activity, age, BMI Z-score and energy intake. †Statistically significant compared with Q2 (Wald test, P < 0·05) adjusted for physical activity, age, BMI Z-score and energy intake. ‡Statistically significant compared with Q3 (Wald test, P < 0·05) adjusted for physical activity, age, BMI Z-score and energy intake.
sugar availability of 628 kJ (150 kcal)/person per d was associated with an elevenfold increase in prevalence of diabetes (P < 0·001), after controlling for obesity, poverty, urbanization, ageing and physical activity (12) . Likewise, in a study of US adults participating in NHANES 1988 NHANES -1994 NHANES , 1999 NHANES -2004 NHANES and 2005 NHANES -2010 , adjusted hazard ratios for CVD mortality were 1·3 (95 % CI 1·09, 1·55) and 2·75 (95 % CI 1·4, 5·42), respectively, comparing participants who consumed 10-24·9 % or ≥25 % of daily energy from added sugar with participants who consumed <10 % of daily energy from added sugar (11) . A previous study among white, African-American and Mexican-American adolescents participating in NHANES during 1999-2004 found an association between the intake of sugar-sweetened beverages and markers of MetS (e.g. blood glucose, HDL-C, TAG, hypertension and WC) (42) . Importantly, our study looked specifically at added sugar from all foods in US adolescents.
In contrast, a study among adults (>20 years of age) participating in NHANES 1999-2006 found that total sugar consumption was not associated with MetS indicators (e.g. TAG, HDL-C, HbA 1c , uric acid, blood pressure, WC and BMI) (43) . However, in that study, the measure of total sugar did not distinguish between added sugars and endogenous sugars naturally occurring in fruits and vegetables. Distinguishing between added and natural sugars is important; the sugars inherent in fruits and vegetables do not result in insulin resistance in the same way added sugars do, consistent with our data. The slow rate of digestion of sugar in relation to the high fibre content and the high micronutrient and antioxidant content of fruits and vegetables may alter the intestinal microbiome (44) , reduce monosaccharide absorption and protect against systemic insulin resistance (45) . Therefore, studies that group all sugar intakes together may show an attenuation of the association between intake of added sugar and MetS.
Lastly, even though Mexican-American adolescents had a reduced quantity of added sugar consumption compared with non-Hispanic whites, they had a higher prevalence of MetS. This observation is likely multifactorial and may include a greater prevalence of the PNPLA3 gene, which is associated with higher liver fat content in the presence of dietary sugar (46) , higher overweight and obesity rates (6) , as well as higher abdominal obesity, consistent with prior findings among US adolescent and adult populations (47, 48) . Our findings have a number of limitations. First, the crosssectional design prevents us from inferring temporal sequence between added sugar intake and MetS biomarkers. Second, the dietary recall method is subject to social desirability bias and imprecision, particularly among overweight/ obese adolescents (49) , who tend to under-report food and beverage consumption. However, this independent differential misclassification of exposure would diminish the strength of the association between added sugar intake and MetS, thus in fact strengthening our confidence in the significance of our conservative results. Third, using dietary intake data from only two time points introduces an *Statistically significant (P < 0·05) adjusted for physical activity, age, BMI Z-score and energy intake. †Statistically significant compared with Q2 (Wald test, P < 0·05) adjusted for physical activity, age, BMI Z-score and energy intake. ‡Statistically significant compared with Q3 (Wald test, P < 0·05) adjusted for physical activity, age, BMI Z-score and energy intake.
additional source of measurement error due to intra-individual variability (beyond misreporting) since it is 'usual' consumption that we would like to measure and believe could be associated with our physiological outcomes. The additional within-person random error persists even after we convert mean sugar consumption to consumption quintiles; i.e. some subjects may have consumed an unusual amount of added sugar on the days of measurement and thus their quintile based on the two-day average could differ from one based on usual consumption. The consequence of this measurement error brought by day-to-day variation in added sugar consumption is that our estimates of the associations between added sugar quintile and health outcome will be biased towards the null (conservative). Unfortunately, the same measurement error exists for one of our covariates (total energy intake) and the effect of this error on the association between sugar and health outcome is less clear. Fourth, because of the wide distribution of added sugar in foods and beverages, and limitations in the available dietary databases, the method of calculating added sugar in the diet could contribute error. Fifth, generalizability of our results is limited to non-Hispanic white, non-Hispanic black and Mexican-American adolescents. Sixth, subject exclusion was greatly affected by subjects who were not randomly selected by NHANES to provide serum samples (n 1711). In our analyses, the result of this diminished sample size is that it likely widened our confidence intervals, but it unlikely biased the trend of our results. And lastly, our imperfect physical activity classification may result in incomplete adjustment of the effects of physical activity on MetS.
The primary underlying causes of MetS have been suggested to be visceral adiposity and insulin resistance (20) . Roughly 80 % of obese adults (BMI >30·0 kg/m 2 ) manifest MetS components, including elevated TAG and blood glucose levels, large WC, hypertension and low HDL-C levels (41, 50) . At the same time, up to 40 % of normal weight (BMI <25·0 kg/m 2 ) adults also manifest these same co-morbidities (41, 50) , likely due to a combination of environmental and lifestyle factors, as well as genetic variants. Since paediatric MetS predicts adulthood MetS and type 2 diabetes (5) , it is imperative to prevent further metabolic derailment during childhood and adolescence. Our findings suggest that added sugar intake is directly associated with MetS among non-Hispanic white, non-Hispanic black and Mexican-American US adolescents, and independent of total energy intake, physical activity or BMI Z-score.
